IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Application No. 

Inventor 

Filed 

TC/A.U. 

Examiner 

Atty Docket No. 

Confirmation No. 



10/718,257 

Jan Frans Lucien CRANINCKX 

November 20, 2003 

2611 

P. Kumar 

02-ZAV-220 

8142 



CLAIM FOR PRIORITY UNDER 35 U.S.C. 6119 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Under the provisions of 35 U.S.C. §119, filed herewith is a certified copy of European 
Patent Application No. 02 447 227.6, filed November 21 , 2002, in accordance with the 
International Convention for the Protection of Industrial Property, 53 Stat. 1748, under which 
Applicant hereby claims priority. 



Date: April 18, 2007 



FLEIT KAIN GIBBONS 
GUTMAN BONGINI & BIANCO P.L. 
One Boca Commerce Center 
551 N.W. 77th Street, Suite 1 1 1 
Boca Raton, Florida 33487 
Telephone: (561)989-9811 
Facsimile: (561)989-9812 



Respectfully submitted, 

By: /Stephen Bonaini/ 

Stephen Bongini 
Reg. No. 40,917 
Attorney for Applicant 



3 



Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Bescheinigung Certificate Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung uberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

02447227.6 



Der President des Europaischen Patentamts: 
Im Auftrag 

For the President of the European Patent Office 

Le President de I' Office europeen des brevets 
p.o. 



R C van Dijk 



EPA/EPO/OEB Form 1014.1 - 02.2000 7001014 




Europaisches 
Paten tamt 



European 
Patent Office 



Office europeen 
des brevets 



Anmeldung Nr: 
Appl 1 cation no. : 
Demande no: 



02447227.6 



Anmeldetag: 
Date of fH1ng: 
Date de d£pot: 



21. 11.02 



Anmelder/Appl 1cant( s)/Demandeur( s): 

STMicroelectronics Belgium N.V. 
Excelsiorlaan 44-46 
1930 Zaventem 
BE LG I QUE 

Bezelchnung der Erf 1 ndung/T1 tl e of the 1 nventl on/Tl tre de 1' Invention: 
(Falls die Bezelchnung der Erflndung nlcht angegeben 1st, slehe Beschrel bung. 
If no title Is shown please refer to the description. 
S1 aucun tltre n'est 1nd1qu6 se referer a la description.) 

Exact self -calibration of a pll with multiphase clocks 

In Anspruch genommene Pr1or1at(en) / Priori ty( 1es) claimed /Priori te(s) 
revend1qu6e( s) 

Staat/Tag/Aktenze1chen/State/Date/F1 1 e no. /Pay s/Date/Nume>o de d6pdt: 



Internationale Patentkl ass1 f 1 katlon/Internatl onal Patent Classification/ 
Classification Internationale des brevets: 



Am Anmeldetag benannte Vertragstaaten/Contractl ng states designated at date of 
f1l1ng/Etats contractants designees lors du dGpot: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR IE IT LI LU MC NL PT SE SK TR 



H03L/ 



02447227.6 



2 



EPA/EP0/0EB Form 1014.2 - 01.2000 



7001014 



1 



5 

EXACT SELF -CALIBRATION OF A PLL WITH MULTIPHASE CLOCKS 

Field of the invention 

10 [0001] The present invention is related to a 

f ractional-N frequency synthesizer used in digital 
communication systems. More precisely, it relates to a 
frequency synthesizer based on a Phase-Locked Loop (PLL) 
with multiphase clocks, in which a self -calibrating loop is 

15 used. 

State of the art 

[0002] In many applications, e.g. in mobile radio 

systems, it is necessary to synthesize frequencies in a 

2 0 digital way, i.e. using a Phase-Locked Loop. A conventional 
integer -N frequency synthesizer produces an output 
frequency that is N times the input reference frequency, 
such that its frequency resolution is the same as the PLL 
reference frequency. Therefore, narrow channel spacing is 

25 accompanied by a small loop bandwidth, which leads to long 
settling times. With a fractional-N frequency synthesizer 
an output frequency is generated that is N+X/Y times the 
input reference frequency, i.e. a fractional multiple of 
the reference frequency, such that narrow channel spacing 

30 is achieved along with a higher phase detector frequency. 
If Y is not too big the fractional-N frequency synthesizer 
can be based on multiphase clock signals. The Voltage 
Controlled Oscillator (VCO) then disposes of Y copies of 
the signal, each shifted over 2tt/Y. The value of X then 
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determines at which instances a VCO output pulse is 
generated. 

[0 0 03] Several major drawbacks arise from this 

approach. A mismatch between the various clock signal 
5 phases causes reduced quadrature accuracy, if the phases 
are used in an image-reject transceiver. Further, when the 
PLL is locked, the delay mismatches introduce periodic 
phase errors that give rise to fractional spurs in the 
output frequency spectrum, resulting in an out -of -spec 
10 transmitter spectrum and in a reduced interference 
capability in the receiver. A solution to this problem is 
suggested in IEEE JSSC, Vol. 36, No . 5 , May 2001, pp. 777- 
783. It consists in adding to the PLL a self -calibrating 
loop to eliminate the delay mismatches. The calibration 
15 loop adjusts the phases of the multiphase clock signal 
based on the timing information present in the phase 
frequency detector (PFD) outputs. The calibration loop has 
a much smaller bandwidth in order to avoid disturbance of 
the locking behaviour of the main loop. A safe solution 
20 here is to activate the calibration loop only when the main 
loop is locked. In the calibration loop there is a 
multiplexing switch that guides the current coming out of 
the calibration charge pump towards one of the Y 
calibration loop filters. Which one of the Y calibration 
25 loop filters is to be selected, is determined by a control 
logic that knows which phase is currently selected by the 
phase-switching fractional divider and thus knows which 
phase must be calibrated. 

[0004] Still the problem remains that a mismatch 

3 0 between the main charge pump of the original loop and the 
calibration charge pump of the calibration loop will result 
in an incorrect compensation of the phase errors. 
Therefore, the quadrature accuracy is still not correct yet 
and the fractional spurs are not completely removed. 
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Aims of the invention 

[0005] The present invention aims to propose a 

product that synthesizes a fractional -N frequency based on 
5 a Phase-Locked Loop (PLL) with multiphase clocks, in which 
a self -calibrating loop is used in such a way that mismatch 
problems between the two charge pumps are avoided. 



Summary of the invention 
10 [0006] The present invention is related to a Phase- 

Locked Loop with multiphase clocks with 

• a main loop comprising a Phase Frequency Detector, 
a Main Charge Pump, a Main Loop Filter, a Multi- 
Phase Voltage Controlled Oscillator and a Phase- 

15 switching Fractional Divider, coupled in cascade, 

• a calibration loop comprising Y Calibration Loop 

< 

Filters, with Y being an integer, coupled with its 
output to said Multi-Phase Voltage Controlled 
Oscillator (VCO) , and a Control Logic arranged to 
20 control said Phase-Switching Fractional Divider, 

• a Reference Frequency Signal applied to said Phase 
Frequency Detector. 

[0007] The Phase-Locked Loop comprises a Multiplexer 

between the output of said Main charge pump and the inputs 

25 of both said main loop filter and said Y calibration loop 
filters, and is arranged to receive a control signal from 
said control logic, and wherein a Calibration signal 
applied at a control input of said Control Logic. 
[0008] As a second object the present invention is 

30 related to a method for synthesizing frequencies with a 
Phase-Locked Loop with multiphase clocks. 

[0009] According to a first preferred embodiment of 

the invention, the PLL is part of a fractional -N frequency 
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synthesizer . 

[0010] According to a second preferred embodiment of 

the invention the Phase-Locked Loop can be comprised in an 
integrated circuit . 
5 [0011] Advantageously, the Phase-Locked Loop can be 

part of a digital mobile radio communication system. 

Short description of the drawings 

[0012] Fig. 1 represents the prior art solution. 

10 [0013] Fig. 2 represents the invention. 

Detailed description of the invention 

[0014] The present invention relates to a Phase- 

Locked Loop (PLL) with multiphase clocks, in which a self- 
15 calibrating loop is used. In order to avoid any mismatch 
problems between the main charge pump of the original loop 
and the calibration charge pump of the calibration loop, 
the same main charge pump is used for both loops. 
[0015] The prior art solution is depicted in Fig.l. 

2 0 A first (Main) loop comprises, coupled in cascade, a Phase 
Frequency Detector (PFD) (1) , a Main Charge Pump (2) , a Main 
Loop Filter (3) , a Multi-Phase Voltage Controlled 
Oscillator (VCO) (4) and a Phase- switching Fractional 
Divider (5) . A second loop (Calibration) comprises the 
25 series connection of a Calibration Charge Pump (9) , a 
Multiplexer (6) and Y Calibration Loop Filters (7) , with Y 
being an integer, coupled between said Phase Frequency 
Detector (PFD) (1) and said Multi -Phase Voltage Controlled 
Oscillator (VCO) (4) . The Multiplexer (6) is controlled by a 
30 Control Logic (8) coupled to the Phase-Switching Fractional 
Divider (5) . A Reference Frequency Signal (10) is being 
applied to said Phase Frequency Detector (1) . The 
Calibration signal (11) is applied to a control input of 
the Control Logic (8) . 
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[0016] The main charge pump is denoted by (2) in 

Fig. 2. The control logic (8) must master the multiplexer 
(6) in such a way that most of the time the main loop 
filter is chosen and sometimes one of the calibration loop 
5 filters is chosen. Most of the cycles of this charge pump 
are indeed used for the main loop, which has the highest 
bandwidth. In this state multiplexer (6) is just a through 
connection. However, from time to time, a cycle of the 
charge pump current is taken from the main loop and used 
10 for the calibration loop. When this occurs, the multiplexer 
(6) guides the current towards one of the filters (7) . 
Which filter exactly is chosen, is determined by the state 
the phase- switching fractional divider is in. 

[0017] Fig. 2 shows the two loops in the system. A 

15 first (Main) loop comprises, coupled in cascade, a Phase 
Frequency Detector (PFD) (1) , a Main Charge Pump (2) , a Main 
Loop Filter (3), a Multi-Phase Voltage Controlled 
Oscillator (VCO) (4) and a Phase-switching Fractional 
Divider (5) . A second loop (Calibration) comprises the 
20 series connection of a Multiplexer and Y Calibration Loop 
Filters, with Y being an integer, coupled between said 
Phase Frequency Detector (PFD) (1) and said Mult i- Phase 
Voltage Controlled Oscillator (VCO) (4) . The multiplexer 
(6) is controlled by a Control Logic (8) coupled to the 
25 Phase-Switching Fractional Divider (5) , and a Reference 
Frequency Signal (10) is being applied to said Phase 
Frequency Detector (1) . 

[0018] The multiplexer (6) has an input connected to 

an output of the Main Charge Pump (2) , and has outputs 
30 connected to inputs of the Main Loop Filter (3) and of Y 
Calibration Loop Filters (7) . The Calibration signal (11) 
is applied to a control input of the Control Logic (8) . 
[0019] A practical example might be that, for Y=8, 

one out of nine cycles is used for calibration. 
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Suppose we want to divide by N+l/8. In this case the 
phase switching divider output is subsequently aligned 
with phase 1-2-3-4-5-6-7-8-1-2-3-4-.. . Therefore the 
multiplexer sequence shown in the left hand part of the 
5 table below can be used, where M denotes the main loop 

and Cx calibration loop x, with x = 1 to 8 . 

Suppose we want to obtain a division by N+2/8. Then the 
phase switching divider output is subsequently aligned 
with phase 1-3-5-7-1-3 -5-7-1-3 This leads the 
10 multiplexer sequence in the right hand part of the 

table . 



N+l/8 


N+2/8 


index 


phase 


loop 


index 


phase 


loop 


1 


1 


M. 


1 


1 


M 


2 


2 


M 


2 


3 
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3 


M 
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4 


4 


M 


4 
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5 


M 


5 


1 


M 
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6 


M 
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7 


7 


M 


7 


5 


M 


8 


8 


M 


8 


7 


M 


9 


1 


CI 


9 


1 


CI 


10 


2 


M 


10 


3 


M 


11 


3 


M 


11 


5 


M 


12 


4 


M 


12 


7 


M 


13 


5 


M 


13 


1 


M 


14 


6 


M 


14 


3 


M 


15 


7 


M 


15 


5 


M 


16 


8 


M 


16 


7 


M 


17 


1 


M 


17 | 


1 


M 


18 


2 


C2 


18 


3 


C3 


19 


3 


M 


19 


5 


M 















[0020] The PLL described above can advantageously be 

15 applied in a fractional-N frequency synthesizer. In this 
way the spurious problems are completely removed and, 
moreover, the result does no longer rely on accurate 
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matching of components. Further, the I/Q accuracy is 
greatly improved. 
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CLAIMS 

1. A Phase-Locked Loop with multiphase 
clocks comprising : 

• a main loop comprising a Phase Frequency Detector (1) , a 
Main Charge Pump (2) , a Main Loop Filter (3) , a Multi- 
Phase Voltage Controlled Oscillator (4) and a Phase- 
switching Fractional Divider (5) coupled in series, 

• a calibration loop comprising Y Calibration Loop Filters 
(7) , with Y being an integer, coupled with its output to 
said Multi-Phase Voltage Controlled Oscillator (4) , and 
a Control Logic (8) arranged to control said Phase- 
Switching Fractional Divider (5) , and 

• a Reference Frequency Signal (10) applied to said Phase 
Frequency Detector (PFD) (1) 

characterised in that the Phase-locked loop comprises a 
Multiplexer (6) between the output of said Main charge pump 
(2) and the inputs of both said main loop filter (3) and 
said Y calibration loop filters, and is arranged to receive 
a control signal from said control logic, and wherein a 
Calibration signal (11) applied at a control input of said 
Control Logic (8) . 

2. A method for synthesizing frequencies with 
a Phase-Locked Loop with multiphase clocks, comprising the 
following steps : 

• Providing a Phase-Locked Loop such as in claim 1 

• Applying a reference frequency signal (10) to the 
Phase Frequency Detector (1) of the Phase-Locked Loop, 
and 

• Applying a Calibration Signal (11) to the Control 
Logic (8) of the Phase-Locked Loop. 
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3. A fractional-N frequency synthesize* 
comprising a Phase -Locked Loop as in claim 1 or 
implementing the method of claim 2 . 

4. An integrated circuit comprising a Phase- 
5 Locked Loop as in claim 1 . 

5. A digital mobile radio communication 
apparatus comprising a Phase -Locked Loop as in claim 1 or 
implementing the method of claim 2. 
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ABSTRACT 



EXACT SELF -CALIBRATION OF A PLL WITH MULTIPHASE CLOCKS 

5 The present invention is related to a Phase-Locked 

Loop with multiphase clocks with 

• a first loop (Main loop) comprising, coupled in 
cascade, a Phase Frequency Detector (PFD) (1) , a 
Main Charge Pump (2), a Main Loop Filter (3), a 

.0 Multi-Phase Voltage Controlled Oscillator (VCO) (4) 

and a Phase-switching Fractional Divider (5) , and 

• a second loop (for Calibration) comprising the 
series connection of a Multiplexer (6) and Y 
Calibration Loop Filters (7) , with Y being an 

5 integer, coupled between said Phase Frequency 

Detector (PFD) (1) and said Multi-Phase Voltage 
Controlled Oscillator (VCO) (4), said Multiplexer 
(6) being controlled by a Control Logic (8) coupled 
to said Phase-Switching Fractional Divider (5) , and 
0 a Reference Frequency Signal (9) being applied to 

said Phase Frequency Detector (PFD) (1) , 
characterised in that said Multiplexer (6) has an input 
connected to an output of said Main Charge Pump (2) , and 
has outputs connected to inputs of said Main Loop Filter 
5 (3) and of said Y Calibration Loop Filters (7) , 

and in that a Calibration signal (10) is applied at a 
control input of said Control Logic (8) . 



(Figure 2) 
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